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Abstract: Technological innovation, driven towards the educational context, has favored the concept of interactive technological 
environments that may significantly contribute towards the teaching-learning processes. In that sense, mapping interactivity 
indicators that consider technical and operational aspects, supported by the available technical literature and based on the perspective 
of undergraduate engineers and teachers, becomes a fundamental activity in order to build interactive environments that may in fact 
adequately contribute for the professional education of our students, mainly the ones in engineering courses. Specifically, this paper 
shows preliminary studies within this perspective, showing how technological innovation may be understood and applied in the 
educational context. The study also shows the first interactivity indicator for a collaborative learning perspective, obtained from data 
collected through a qualitative content analysis methodology. 
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1. Introduction 
Society has gone through significant changes over 
the last years, thanks to the technological 
developments. We live in an age in which different 
sectors of society are trying to constantly reinvent 
themselves in the sense of developing skills in the 
most different areas. Technological innovation has 
contributed to create processes that are able to create 
and administer knowledge, and the market has shown 
how it is possible to learn through the interaction with 
the environment in the sense of attending the social 
needs and demands [1]. 
In line with that, this study tries to show 
introductory guidelines as to how innovation may be 
faced within the educational context, from different 
premises, in an attempt to consolidate a guiding 
perspective. That is because we know that there is a 
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lack of guidelines as to how technological resources 
should be employed at school in order to actually 
assure learning. And in order for such resources to be 
used within the educational scenario, it is fundamental 
to understand the individual and collective needs 
associated with the teaching-learning process. In 
parallel, it is also necessary to know how the resources 
that come from technological innovations may be 
efficiently used within this context [2]. 
In fact, we may go a little further, and question: 
what is actually innovative in terms of education? The 
world around us creates innovative technological 
products, but which of these resources may be used in 
such a way that they actually contribute toward the 
educational process? 
It is in that sense that this study is developed. Here, 
we will map and analyze indicators for the 
management of ITE (interactive technological 
environments) with the purpose of bringing technical 
aspects and educational needs together. 
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It is not about specifying one or more artifacts, but 
a set of technological resources that are able to 
support the agents of the educational process for the 
construction of knowledge. It is fundamental that such 
agents understand and know how to apply in a 
practical manner the influence that technology has 
over the production, storage and transmission of 
knowledge. 
And, in that sense, we also highlight the importance 
for this technological set to be interactive, bearing in 
mind that nowadays, society creates, consumes and 
demands information, systems and processes that 
essentially allow the individual to interact with the 
environment, other individuals, and information and 
knowledge in general [3, 4]. We must also consider 
that it is under this perspective that the most complex 
innovation processes aimed at the social demands are 
promoted. 
Therefore, throughout this study, the choice for 
such aspects will be justified as the guidelines to map 
the ITE indicators oriented toward management and 
education will also be shown. 
1.1 Delimiting the Problem 
This study tries to investigate how ITE may ally 
characteristics of the own innovation process in the 
educational context. In the case of this specific study, 
the work shows efforts in the sense of defining what is 
innovation at school and tries to answer the following 
question: which indicators of interactive technologies 
may be used in education under a collaborative 
learning perspective? 
1.2 Objectives and Justification 
From the context briefly presented earlier, whose 
bases were previously published in Ref. [4], in a very 
specific manner, this article tries to define the concept 
of innovation at school. Hereafter, a preliminary 
survey of interactive technologies and environments 
that may contribute for the teaching-learning process 
is conducted. With such discussions, we expect to 
create bases for further studies with the purpose of 
verifying how can the technological innovation offer 
subsides for the ITE management and the educational 
context. 
By suggesting innovation aspects at school, Ref. [5] 
states that in the traditional education, there is a lack 
of methodological proposals that are able to promote a 
learning environment up to the current technological 
scenario. In that sense, they state that fun and 
playfulness are key aspects to draw the attention of the 
student. In addition to that aspect, there is also the 
dialogical characteristic that a teaching activity must 
have—offering effective dialogues within a group. 
This factor would break the conventional monologue 
that is such a major part of the traditional classes. 
Finally, there is also the challenge aspect, added to the 
teaching strategies as a fuel for the student to 
overcome trouble-making situations. 
With technological innovation aspects in education, 
the agents involved may benefit from the use of ITE in 
the teaching and learning process, since these 
resources allow information and knowledge to be 
shared. And in order to know how to manage such 
resources, it is necessary to know them better, under 
different aspects, such as the ones related with 
didactic situations, the cognitive design and 
ergonomy. 
In order to approach didactic situations, it is 
necessary to bear in mind that the challenge to 
produce more and better has been replaced with the 
permanent challenge of creating new products, 
services, processes, and managerial systems. On the 
other hand, individuals have been increasingly 
searching for constantly learning, at the same time in 
which they present more creative characteristics [1]. 
This paper is organized as follows: Section 2 
presents the methodology of the work; Section 3 
shows the theoretical grounds; Section 4 exposes the 
interactivity indicators; Section 5 presents the 
development of indicators to evaluate interactive 
technological environments, and then discusses the 
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obtained results; and finally, Section 6 exposes the 
final conclusions. 
2. Methodology 
This study adopts a content analysis process in 
order to classify and categorize data from national and 
international articles, books, and documents. For such, 
the texts were selected according to a predefined 
criterion: they should contain information about 
interactive technological resources that could be used 
in the teaching-learning process in a collaborative 
manner. According to the theory presented in Ref. [6], 
the work is divided into three stages: 
(1) The first stage (pre-analysis): organizing the 
collected material and skimming the text in order to 
categorize the data obtained; 
(2) The second stage (exploring the material): 
consisting in the systematic management of the 
decisions made; 
(3) The third stage (processing the results and 
interpretation): combining reflection, intuition, and 
empirical data in order to establish relations with the 
results from raw data and making them significant and 
valid. 
From this process, the data went through a 
codification process. From the organized data, the 
material was categorized based on the theoretical 
references. This ordination strategy was adopted in 
order for a simplified representation of raw data to be 
catalogued for the final analysis process. 
3. Theoretical Grounds 
Before moving forward, it is necessary to define 
how the innovation concept may be understood and 
employed within the educational scenario. And that is 
made below. 
From the economic point of view, innovation 
means a new product, a new production method, a 
new market, a new source for raw materials and inputs, 
and a new market in an industry [7]. This perspective 
tends to emphasize innovation as market experiments 
and to search for broad and extensive changes that 
have restructured industries and markets [8, 9]. 
In education, how are innovation processes 
understood? May the same definition from economy 
be employed or do new subsides need to be 
aggregated in order to understand how could 
innovation and school walk together? 
In order to create bases for a deeper discussion on 
this issue, it is necessary to consider that the 
technological cycle has been increasingly shorter than 
the professional career of the individuals. That makes 
people search for ongoing improvement in order to 
update their concepts, techniques, expertise and 
methodologies. 
An educational system, that aims to promote the 
insertion of students in the workplace with such 
profile, needs structural reformations. It is necessary 
to rethink about theories and methods based on a new 
learning paradigm that is able to combine intellectual 
and creative activities, simply letting the actions 
follow a direction in the search for improved 
production processes [9]. 
Educational institutions need to understand and 
absorb the innovation process in order to exercise it 
and stimulate it on them day-by-day. The innovative 
learning becomes a means to prepare the individual to 
face new situations, and it is a mandatory requirement 
to solve global issues. For this reason, it is up to the 
educational institution: the macro management and 
incorporation of this new concept. For such, the 
concept of interdisciplinarity is essential and it needs 
to be used in the sense of exercising and stimulating 
creativity and entrepreneurship. 
According to Ref. [10], there are different concepts 
of innovation in the educational context. Therefore, it 
is possible to consider innovation: 
(1) In an accidental manner, as superficial changes 
that never affect the essence of the purposes and 
methods professed in education. Under this 
perspective, innovation is a synonym for a superficial 
touch-up; 
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(2) As a way to essentially change the educational 
methods and manners; 
(3) As the use of other media that are added to the 
conventional media, being combined with them or 
replacing them. As with both previous conceptions, 
innovation is understood as a function of the 
educational apparatus, with no reference to the context. 
The difficulties of education are always attributed to 
the own educational context and, as a consequence, 
the solutions are suggested within this process, 
without questioning the purposes of education, since 
they are extrinsically defined, that is, on the level of 
social organization, that produces the educational 
organization; 
(4) As the use of education for new purposes, for 
the structural change of society. 
Therefore, starting from the traditional education, 
innovation may reach four levels: 
(1) Keeping the institution and the purposes of 
education intact and giving the method superficial 
touch-ups; 
(2) Keeping the institution and the purposes of 
education and substantially changing the methods; 
(3) Keeping the purposes of education, but the 
institutions and conventional methods, whether they 
have been changed or not, must be followed by 
extra-institutional and/or non-institutionalized 
methods; 
(4) Changing the own purposes of education, by 
searching for more adequate and efficient means to 
reach new objectives. 
4. Interactivity Indicators 
In order for this study to discuss ITE, it is 
fundamental to indicate, even if briefly, the historical 
aspects on the conception of the term interactivity, and 
a broad view on its importance toward educational 
management. 
4.1 Interactivity 
The transformation of the term interaction to 
interactivity occurred when computer science 
re-elaborated a term that derives from physics, and 
that acquired different connotations by permeating 
sociology and then social psychology [11]. 
According to Ref. [12], the term interactivity was 
created within the context of the criticisms made to 
the one-directional communication means and 
technologies, starting in the 1970s, and being broadly 
employed currently. However, the theme was seen for 
the first time in the 1960s, when scholars from the 
area of Computer Sciences searched for a new 
meaning for the communication between computers 
and men, based on improved quality on their 
relationship, regarding agility, user-friendliness and 
great possibilities of communication [13]. It is also 
common to find the term interactivity employed as a 
synonym for digital interaction. Interactivity only 
means an exchange, reducing the concept in a very 
superficial manner in relation to the whole field of 
meaning that it encompasses [12]. 
Usually, the term interactivity relates to 
cyberculture. Most studies focus on computers and 
give priority to the capacities of the machine, making 
human being and social relations mere co-actors [14]. 
4.2 Preliminary Indicators of Interactivity 
Considering a complex and intricate discussion on 
the theme, the authors of this article tried to classify 
and categorize different studies [11-23], according to 
content analysis techniques [6]. The result is shown in 
Table 1, where the elements that are considered as 
primordial in order to belong to an interactive 
technology that should be applied to education are 
shown. 
In that sense, the study considers that ITE must 
allow exchanges between the machine, software and 
users, through peripherals or audiovisual menus and 
links, providing learning, entertainment, acquisition of 
information and real-time or remote communication. 
Therefore, interactivity needs the virtual system to be 
dynamic, to provide several possibilities of choices 
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and feedback, with the aid of animations, movies, 
songs, hypertext, games, simulations, holographs and 
likelihood with the actual environment and allow the 
user to be able to be immersed in the virtual 
environment whether in a passive or active, individual 
or collective manner, with options to transform the 
virtual environment freely and according to their will 
and preferences, believes and values [24, 25]. And all 
these points considered may be leveraged as long as 
they are used under a collaborative perspective. 
In general, collaboration may be understood as a 
social action in which people share objectives and 
learn together, with the purpose of overcoming 
challenges and building knowledge [26]. In that sense, 
the own elements of innovation may be incorporated 
by the school from the time that different methodologies 
are developed, giving priority to a stricter relationship 
between educational theories and the use of 
technological resources in the routine of the school. 
5. Developing Indicators to Evaluate ITE 
From the discussion shown in this article and from 
the results previously shown, the research partnership 
initially described has the purpose of reaching higher 
goals. Among these goals, we may highlight: 
 Mapping interactive technological environment 
indicators, considering technical and operational aspects; 
 Considering engineers and teachers (mainly from 
the areas of nature sciences), creating a research 
instrument to map expectations by interactive 
technological environments and to map the demand 
for interactive technological environments; 
 Confronting the information and suggesting ITE 
management strategies; 
 Establishing an introductory discussion on how 
to use the results found, in a future study, in order to 
elaborate didactical situations from ITE, considering 
technical, epistemological and cognitive aspects; and 
to investigate the learning process, mapping 
interactive technological environment indicators, 
considering technical and operational aspects. 
Table 1  Interactivity indicators (preliminary studies). 
Interativity indicators 






2. Exchanges across 
users and software
9. Power to 
choose (decision) 
16. Likelihood with 






4. Entertainment 11. Animations 
18. Active 
immersion 
5. Acquisition of 
information 













of the of the virtual 
environment 
5.1 Stage 1: Elaborating Criteria to Build Indicators 
The first point in order to map the indicators is 
about the technical and operational characteristics of 
ITE. Regarding this aspect, indicators on the versatility, 
configuration, audiovisual resources, usability, 
connectivity, compatibility with didactical situations, 
interactivity, playful aspects, among others, are 
surveyed. These indicators will work as the basis to 
build the research instrument for the second stage of 
the research. 
5.2 Stage 2: Elaborating the Research Instrument 
The indicators mapped in the previous stage will 
work as the basis to build the research instrument to 
be applied, focusing on undergraduate engineers and 
teachers as the target audience (mainly from the areas 
of nature sciences). The instrument will be built based 
on the search for the actual educational needs derived 
from the introduction of ITE in the educational 
context. In general, data are on: 
 Technology in education; 
 Interactivity and learning; 
 Learning in virtual environments. 
Such data will be surveyed and classified from the 
point of view of engineering professors and students, 
and also for the area of undergraduate nature sciences 
teachers. Within this context, a broader instrument, 
now based on a quantitative methodology will be used 
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to investigate samples comprised by students, 
professors and professionals that work in the areas of 
engineering and education. The initial option to 
analyze the school will be the use of the statistical 
method known as factorial analysis [27], which is a 
way to determine the nature of patterns that are 
involved in a large amount of variables. It is 
particularly adequate in researches where the objective 
of the investigators is to make an “ordered 
simplification” of the number of inter-related variables 
[28]. That is, we are looking for the smallest possible 
set of factors by gathering premises according to the 
same statistical correlation trend, in order to judge 
aspects with the same relevance regarding the set of 
assertions. With such analysis, we may separate and 
aggregate elements that are oftentimes unidentified, 
and obtain an integral view of the previous 
conceptions of the respondents. In addition, such 
analysis may reveal which are the expectations from 
teachers and students regarding the suggested issue. 
5.3 Stage 3: Teaching Engineering and ITE Management 
The instrument described in the previous stage will 
try to map the demands from the teachers and the 
expectations from the students regarding the use of 
interactive technologies in the classroom, considering 
technological innovation applications in education. 
The main purpose of this instrument is to show which 
technical aspects are really desirable and applicable 
under didactic situations. With the data surveyed, the 
research will move forward to the conclusion. 
6. Final Conclusions 
With the data collected, the main objective of this 
study will be tackled, that is, efforts will be made with 
the purpose of contributing for the ITE management 
within the educational context, based on the 
technological innovation applied to the educational 
context. This search will occur due to the entanglement 
between the technical indicators and the indicator 
derived from the research with the selected sample. 
The comparison between the technical indicators 
and the actual demand and expectation from the 
agents involved in the educational aspect may be used 
as a basis for a better management not only of ITE, 
but also in relation to knowledge in general. These 
data will work as a first step toward the development 
of proposals for didactic situations that consider for 
their conception, not only technical aspects, but also 
epistemological and cognitive aspects. 
Therefore, from the research results, the paper 
showed introductory aspects that will serve as the 
basis for a new and further research that will try to 
elaborate a casual model involving conglomerates of 
indicators. 
Another possibility that may be opened by the 
results of this investigation consists in developing 
didactic situations that consider the technical and 
desired characteristics of ITE, as well as the 
improvement of the project upon an assessment of the 
teaching-learning process from cognitive theories. 
References 
[1] Terra, J. C. C. 2009. Knowledge Management: The Great 
Business Challenge. Brazil: Elsevier. 
[2] Rossetti, A. G., and Morales, A. B. T. 2007. “The Role of 
Information Technology in Knowledge Management.” Ci. 
Inf. 36 (1): 124-35. 
[3] Organization of American States. 2005. Science, 
Technology, Engineering and Innovation for 
Development: A Vision for the Americas in the XXI 
century. Washington, DC: Organization of American 
States. 
[4] Veraszto, E. V., Barreto, G., and Amaral, S. F.  2013. 
“Innovation in Education: A Proposal for Appropriation 
of Interactive Technological Environments.” In 
Proceedings of XLI Brazilian Congress on Engineering 
Education, 1-9. 
[5] Meira, L., and Pinheiro, M. 2013. Innovation at School. 
Atas InovaEduca3.0. 
[6] Bardin, L. 1991. Content Analysis, 1st edition. Lisboa: 
Trad. L. A. Reto e A. Pinheiro. 
[7] OCDE (Organization for Economic Cooperation and 
Development). 2005. Oslo Manual: Guidelines for 
Collecting and Interpreting Innovation Data, 3rd edition. 
Brasília: OCDE. 
[8] Filho, F. A. V., Santos Jr., R. B., and Silva, C. D. P. 2012. 
The National System for Science, Technology and 
Innovation and Education: Construction of Interactivity Indicators to 
Collaborative and Immersive Learning 
 
1007
Innovation and the regional and local technology 
promotion in Brazil. Notebooks of Research in Political 
Science. Brazil: Federal University of Piaui. 
[9] Carvalho, H. G. 1998. “Technology, Innovation and 
Education: Keys to Competitiveness. Education & 
Technology Magazine.” CEFET-PR 2 (3): 81-95. 
[10] Saviani, D. A. 1989. Philosophy of Education and the 
Problem of Innovation in Education. Sao Paulo: Cortez 
Publishing House. 
[11] Feitosa, K. C. D. F., and Alves, P. N. N. 2008. Concepts 
of Interactivity and Its Functionality in Digital TV. In: 
Universitary Site: Essays and Monographs: Teaching 
Scientific Production and TCC Monographs. 
[12] Bonilla, M. H. S. 2002. “Learning School:  
Opportunities and Challenges Put in the Context of the 
Knowledge Society.” Ph.D. thesis, Federal University of 
Bahia. 
[13] Fragoso, S. 2001. “From Interactions to Interactivity.” 
Presented at the Annual Meeting of the National 
Association of Graduate Programs in Communication, 
Brasília. 
[14] Primo, A. F. T., and Cassol, M. B. 2013. “Exploring the 
Concept of Interactivity: Definitions and Taxonomies.” 
http://usr.psico.ufrgs.br/~aprimo/pb/pgie.htm. 
[15] Defleur, M. L., and Rokeach, S. J. B. 1989. Theories of 
Mass Communication. New York: Longman. 
[16] Sims, R. 1995. “Interactivity: A Forgotten Art.” 
http://itech1.coe.uga.edu/itforum/paper10/paper10.html. 
[17] Piaget, J. 1996. Biology and Knowledge, 2nd edition. Sao 
Paulo: Voices. 
[18] Jensen, J. F. 1998. Interactivity: “Tracing a New Concept 
in Media and Communication Studies.” Nordicom Review 
19: 185-204. 
[19] Lévy, P. 1999. The Technologies of Intelligence. The 
Future of Thought in the Age of Information. Sao Paulo: 
34 Publishing House. 
[20] Kiousis, S. 2002. “Interactivity: A Concept Explication.” 
New Media & Society 4: 355-83. 
[21] Sundar, S. S. 2004. “Theorizing Interactivity’s Effects.” 
The Information Society 5 (20): 385-89. 
[22] Richards, R. 2006. “Users, Interactivity and Generation.” 
New Media & Society 8: 531-550. 
[23] Waisman, T. 2006. “Usability in Educational Services in 
Digital TV Environment.” Ph.D. thesis, USP School of 
Communication and Arts.  
[24] Veraszto, E. V. 2009. “Education and Interactivity: 
Innovative Opportunities.” Journal of Communication, 
Education and ICT 1: 655-65. 
[25] Veraszto, E. V. 2011. “IDTV and Interactivity: 
Preparation of Likert Scales for Assessing Public 
Perception in Intercultural Context Brazil-Spain.” 
UNICAMP 1: 145-74. 
[26] Ramos, D. K. 2007. “About Teachers, Collaboration and 
Technologies: Reflections about Collaborative Processes 
and the Use of Technology in Education.” DTE (Digital 
Thematic Education) 9 (1): 375-92. 
[27] Hair, J. F. 2005. Multivariate Data Analysis. Transl. 
Sant’Anna, A. S. and Chaves Neto, A., 5th edition. Porto 
Alegre-RS: Bookman. 
[28] Cohen, L., and Marion, L. 1994. Action Research. Ethics 
and Research Methods in Education. Research Methods 
in Education, 4th edition. London: Routledge,  
 
